T he Pluta polarizing interference microscope is used to measure the refractive index profile and material dispersion of step index optical fiber. the method is explained as well as the theoretical considerations for determination of refractive index. Experimental work is done to measure the refractive index profile of a step index optical fiber at different wavelengths using this technique.
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Introduction
The refractive index profile of the optical fiber core plays an important role in characterizing the properties of the fiber. It allows determination of the fiber numerical aperture, the number of propagation modes within the fiber core and the dispersion of the fiber. So, the detailed knowledge of the refractive index profile enables the impulse response of the fiber to be predicted and consequently the information carrying capacity of the fiber is estimated [1] . The ideal measuring method should satisfy the following conditions: Non destructive, applicable to any profile, high accuracy, high resolution and easy in measurement and data processing.
Different methods were used to determine the fibers refractive index profile, some of them [2] : Near field method, X-ray microanalysis, Scanning electron microscope, and Interferometric methods.
Many authors have applied interferometric techniques to determine the optical properties of fibers. Pluta (1972) [3] used his double refracting interference microscope with variable amount and direction of wavefront shear to study the refractive indices and birefringence of synthetic polymer fibers. Hamza and Sikorski (1978) [4] used this microscope to determine the optical anisotropy of Kevlar (poly -pphenylene tereephthalamide) fibers. Hamza (1980) [5] extended the applicaticns of the Pluta microscope to measure the mean refractive indices and birefringence of fibers with irregular transverse sections. Z'urek and Zakrzewski (1983) [6] determined the refractive indices and birefringence of cotton fibers using the Pluta microscope, Hamza et al. [7] [8] [9] [10] used Pluta polarizing interference microscope for different fibers with regular and irregular transverse sections to determine their refractive indices and birefringence. Hamza et al. (1994) used this microscope to study the refractive ndex profiles of cylindrical fiber having core-cladding structure [11] .
In classical optics. dispersion is used to denote the wavelength dependence of dri refractive index in matter ( c /a ), where n is the refractive index and A is wavelength of the light used [12] . In fiber optics communication systems material dispersion means the variation of phase velocities, through the fiber due to many factors, which produces pulse broadening and hence limits the maximum number of pulses a fiber can carry in one second. While in Physics the term dispersion is used to describe the wavelength dependence of refractive index of a given material [13] . This relation is always described by the well-known Cauchy's formula. It is interesting to find the relation between the two terms, which is a part of our interest.
In this paper we used the Pluta microscope to measure the refractive index profile of optical fibers. The basic idea of this technique is explained, and the theoretical consideration for determination of refractive index is given. Then experimental results are obtained for a step index multi-mode optical fiber at different wavelengths. The material dispersion of the fiber is measured.
Theoretical considerations a) Determination of refractive index profile of fibers:
The polarizing interference microscope with a modified method is used to determine the refractive indices and birefringence of both layers of fiber having a \2-2
Proceedings of the 2nd ICEENG Conference, 23-25 Nov. 1999 AC-4 3 core-cladding structure [11] . This method is applied to fibers with regular cross section. It can apply also to the fiber with irregular cross section. In this study, the irregularity in the fiber cross-section are dealt with by considering the area enclosed under the fringe shift produced in the microinterferogram represents the optical path difference integrated across the fiber [14] . When a beam of plan polarized monochromatic light is incident on homogeneous fiber, the incident wavefront will be distorted [11] . Figure (1) shows a fiber having a core-cladding structure. The fiber cross section is of radius R having a cylindrical core surrounding by a cylindrical cladding of thickness e. The refractive index of the immersion liquid, the cladding of the fiber and core are nz, , nc, and nc respectively. Using the Pluta interference microscope with light of wavelength A, the interference fringes suffer shifts as they cross the fiber. The optical path length differences A between the specimen and the immersion liquid are given by [15] :
and are are the path lengths inside the cladding and core of the fiber, respectively, and 1 / is the length of the optical ray through the liquid. A is also given by:
Where Z is the interference fringe shift caused by the fiber when the beam crosses it and h is the interfringe spacing. Therefore:
From figure (1) and the work cited in reference [11] , one can obtain the following equation: Equation {5} was derived elsewhere [11] in the case of a homogeneous refractive index fiber. When e = 0 and nd = nc.
Using the equation (4 and 5) one can determine the refractive index profile of the optical fiber from the data taken from the interferogram
Figure(1)

Core-Cladding fiber which refracting a ray incident at a distance d from the fiber center and the resulting shift in case of two-beam interference [11]x b) Material Dispersion
A mathematical formulas was derived [16] for the shape of two-beam interference fringes crossing a cylindrical multi-layer fiber, immersed in a liquid of refractive index nL. and have m layer fibers of refractive indices n1,n9 ..nrn, where n1 is the refractive index of the outer layer and nr", is that of the inner layers (core).
gives the shape of the interference fringes where the fringe shift d is related to the value of x along the radius of the fiber, the refractive index nc), I=ni whenQ=1. Also 2 is the wavelength of monochromatic light, h is the interfii!ring spacing, and r0 values of the radii of layers and is given by [16] :
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5 Figure ( 2) shows the shape of interference fringes obtained to calculate the refractive index of cladding and core of fiber of unknown refractive indices ri d and n which immersed in a liquid of refractive index n, equation (6) takes the following forms at
x =rc and x = 0, respectively [16] :
Where 2 is the wavelength of monochromatic light, h is the interfringe spacing, are the radii of cladding and core, respectively, d d is the fringe shift in cladding area, d 0 is the fringe shift in core area [16] . Cauchys di spersion formula of b the fiber is n a = a + 22 {10} Figure(2) [16] Proceedings of the 2nd ICEENG Conference, 23-25 Nov. 1999 LA( -4 j
Experimental Results
A multimode step index optical fiber [Ge-B doped SiO2 (r,"=10.8,u m) Diameter 24/1 m] is used to show the effect of refraction of the light beam by the fiber in the case where difference between the fiber cladding and core refraction indices is detectable. The fiber is placed on a microscope slide and, its ends are fixed to the slide so that the fiber is immersed in a liquid and a cover slip is placed on the .riber. The objective prism of the Pluta polarizing interference microscope is rotated to obtain maximum duplication of the two images of the fiber [16] . Then the slit diaphragm is rotated to make a suitable angle with the fiber axis to obtain the sharpest fringes Microinterferograms has been registered by a camera fixed to the microscope to show the effect of variation of refractive index of the fiber with wavelength. These microinterforograms are shown in figure (3) which are obtained using wavelengths 546nrn, 550nm, 577nm and 590nm, respectively. Special computer software [11] is used to determine the refractive index profile of the optical fiber from the data taken from the interferogram. The calculated refractive index profiles are shown in figures (4), (5), (6) and (7) , and the accuracy of the refractive index is about T 0.001.These figures represent the refractive index profiles at different wavelength. Every one consists of two parts, one at the middle, which represent the refractive index profile in the core of fiber but the two small edge of the curves represent refractive index profile of the cladding. Proceedings of the 2nd ICEENG Conference, 23-25 Nov. 1999 , A('4 I 8 
Figure(9)
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Conclusion
A sample of step index optical fiber was used to study the effect of refraction of the light beam by the fiber and the effect of mismatching in the case of a corecladding fiber. The refractive index profiles were measured experimentally using twobeam interference microscopy. This technique uses Pluta polarizing interference microscope to determine the refractive index profile of core-cladding fiber. We conclude from the results that the refraction of the beam inside the fiber is to be taken into consideration especially when there is a great difference in the refractive indices of the fiber and the immersion liquid. We recommend using an immersion liquid with refractive index close to that of the fiber especially in the case of core-cladding fiber structure.
